This paper reviews the wave-beach-dune model of beach and dune interactions formulated by Hesp [1982] for micro-tidal beaches in eastern and southern Australia, and examines additions to, and more recent research principally on that model, but also briefly examines other models based on sediment supply variations. The model contends that dissipative beaches are characterized by high wave driven sediment supply, wide, low gradient beaches, maximum fetch, maximum aeolian sediment transport, largest foredunes and largest dunefields or dune systems, while reflective beaches are the opposite (minimal wave and wind driven sediment transport, narrow steep beaches, small foredunes and limited dunefield /dune system development. Intermediate beaches display a trend from high to low transport conditions, foredune size and dunefield development with a trend from dissipative to reflective. Future research ideas are also presented.
INTRODUCTION
The original generation of the wave-beach-dune model of beach and dune interactions was formulated by Hesp [1982] for microtidal beaches in eastern and southern Australia, although it might be argued that it would work in many cases for meso-tidal beaches (<~4m range). Most of these beaches were apparently not limited in sediment supply during the Holocene transgression and particularly in the last 7000 years. Sea level crossed the present around 6,500 to 7000 years ago, rose a little higher (perhaps 1m in eastern Australia) and eventually fell to the present following a typical southern hemisphere pattern.
The model development followed the publication of a robust micro-tidal beach model with reasonably high predictability [Wright and Short, 1984] . The beach model enabled one to classify micro-tidal beaches into six states with characteristic morphologies, mobility, and modes of erosion and accretion. Subsequent research has extended the original model to meso-and macro-tidal beaches [e.g. Short and Masselink, 1993; Masselink and Turner, 1999 ]. An understanding of beach and backshore morphology for different surfzone-beach types allowed Hesp [1982] to develop actual and theoretical links between backshore morphology, potential aeolian transport, foredune state and morphology, and dunefield type and development [Short and Hesp, 1982] .
SURFZONE-BEACH STATE
The micro-tidal beach models classified beaches into six states, with the dissipative state at the high wave energy (>2.5m) extreme and reflective state at the low wave energy (<1m) extreme. Four intermediate beach states occur between these states [Wright et al, 1979; Short and Wright, 1983; Wright and Short, 1984] . Dissipative beaches are characteristically high wave energy beaches and have the highest potential onshore sediment supply [Hesp, 1988] . Note however, that beaches may also be dissipative because of the presence of very fine sand (hence low gradient), or abundant sand, so some dissipative beaches may, in fact, be low wave energy beaches. They are typically wide, display flat to concave morphologies (no berms), low gradients and minimal backshore mobility. The latter refers to the coefficient of variation of mean shoreline position (see Short [1999] , his table 7.1), and in reality refers to the amount of volumetric and profile change the beach and backshore experiences over time and through erosion to accretion phases. Reflective beaches are characteristically low wave energy beaches with low potential onshore wave driven sediment transport. Note that they may also be moderate to high wave energy where sediments are coarse sand to boulders. They are relatively steep, narrow, linear to terraced (i.e. display a berm form) morphologies, with low backshore mobility. Intermediate beaches range from wide, relatively flat beaches with low gradient berms and low mobility at the higher energy end of the spectrum, through moderate width with beaches with pronounced berms and high mobility to narrow beaches and moderate to low mobility berms at the reflective end of the range. Rips dominate surf zone processes in the intermediate range (Figure 1 ). Hesp [1982; and Short and Hesp [1982] argued that dissipative surfzones had the highest potential wave driven onshore transport while reflective beaches had the lowest, based on observations of Holocene sediment volumes contained in barrier systems developed landwards of those beaches. Some have argued that this premise (highest onshore transport on dissipative beaches, lowest on reflective) is fallacious, partly it seems because (i) there are minimal measurements of surfzone sediment transport, (ii) some of the measurements that exist tend to show that dissipative beaches are characterized by offshore transport (but not all -see e.g. Aagaard et al. [2004] ; Miot da Silva [2011, in review] ), (iii) models such as SBEACH and CROSMOR generally predict offshore transport [e.g. Larson and Kraus, 1989; van Rijn et al., 1999; Aagaard et al., 2002] , and (iv) the observational time scales are substantially different (hours to days for surfzone observations versus 6-7000 years for Holocene barrier volumetric calculations). [Hesp, 1999] an Bauer and Sherman [1999] ).
SURFZONE TO BEACH SEDIMENT TRANSPORT
Miot da Silva and Hesp [2010] and Miot da Silva [2011; in review] examined wave driven sediment supply, winds, aeolian transport, foredune development and dunefield evolution for an embayment in southern Brazil and found that shoreline orientation to the predominant wind and wave regime was important in driving sediment delivery to foredunes, but also that the alongshore gradient in surfzone-beach type (low energy dissipative in the south, increasingly higher energy intermediate towards the north, moderate to high energy dissipative in the north) resulted in greater sediment supply towards the north and the largest foredunes occurred in the northern portion of the embayment. Houser and Mathew [2011] found that an increase in available fetch was correlated with an increase in dune height. They further state however, that the washover channels occur on the widest and lowest gradient dissipative beaches, while the largest dunes on Padre Island are "fronted by a foreshore that is relatively steep and short" (p. 70). Note, however, their dissipative and intermediate beaches appear to be only slightly different in terms of gradient. They argue that the highest dunes occur where the backshore is higher and where there is more sediment available. They thus believe that sediment availability is more important there than transport potential. It is unlikely that 2 periods of Lidar observations as obtained by Houser and Mathew [2011] are sufficient to establish relationships about modal beach states. It is true that at times more intermediate beach-backshore profiles have higher berms and therefore less moist or wet surface areas than dissipative beaches, but the Short and Hesp [1982] model shows that it is the higher mobility of these beaches that reduces the long term sediment input to dunes, something that Houser and Mathew [2011] do not consider. In addition, dune height is a less useful parameter to use for estimating relationships between beach state, aeolian sediment delivery and dune development; estimates of dune volume provide a much more accurate means of determining such relationships.
FOREDUNE ECOLOGY
The vegetation cover, species richness and zonation of foredunes is determined by several factors, but sediment supply and sand deposition rate, and salt spray aerosol levels are two important factors [Hesp, 1991; Maun, 2009] . Simultaneous studies carried out on adjoining reflective, intermediate and dissipative beaches show that salt spray aerosol levels are related to surfzonebeach type. Dissipative beaches have the widest surfzones, the greatest number of breaking waves, and highest wave heights and the highest salt aerosol levels. Reflective beaches often have only one breaking wave, narrow to very narrow surfzones, and low wave heights and the lowest salt aerosol levels. All other factors being equal, foredune species richness and zonation tends to be greatest and narrowest respectively on reflective beaches (low sediment supply and salt aerosols), and lowest and widest on dissipative beaches (highest sediment supply, high salt aerosol levels [Hesp, 1988] .
FOREDUNE STABILITY AND TYPE, EROSION PROCESSES AND DUNEFIELD DEVELOPMENT
Foredunes bear a morphological imprint dictated, in part, by modal surfzone-beach erosion and accretion modes, and the wind often accentuates this morphological imprint. Dissipative beaches are typically eroded by swash bores and undertow commonly associated with elevated water levels and storm surge. Beach erosion and dune scarping is laterally continuous alongshore, and at times catastrophic. Short and Hesp [1982] and Hesp [1988] theorized that such laterally continuous alongshore, large scale foredune scarping would on occasions lead to large scale foredune de-stabilization. Transgressive dunefields would most likely result from the breakdown of the large established foredune. In fact, whether foredunes exist or not, transgressive dunefields are most commonly found on high energy dissipative and high energy intermediate surfzone-beach systems (e.g. Australia, South Africa, Brazil coasts; west coast USA; east and west coast Mexico; NZ North Island west coast; Peru and Chile coasts; France, Spain and Portugal coasts). Recent research by Hesp et al. [2009] , Martinho et al. [2009] , Miot da Silva and Hesp [2010] , and Miot da Silva [2011; in review] support this contention for southern Brazilian transgressive dunefield barrier systems.
Intermediate beaches are characterized by localized, arcuate rip embayment erosion during storms. Such arcuate erosion extends well into the foredune during extreme events resulting in large scale, but localized foredune scarping. Topographic funneling of the wind may result in the evolution of blowouts and eventually parabolic dunes at these locations. While Short and Hesp [1982] argued that higher energy intermediate beaches should be correlated with parabolic dune complexes, to date there has been little research conducted on this or evidence provided.
On SE Australian beach systems where overwash events are minor to absent, where sediment supply is generally not limited, and where an aggressive pioneer grass (Spinifex sp.) exists, relict foredune plains are common, particularly on the moderate energy intermediate beaches. Here established foredune stability is maintained to various degrees, and progradation over the last 6 -7000 years has led to the development of foredune plains.
Reflective beaches are characterized by accentuated swash during storms and laterally continuous alongshore beach erosion. Recovery is fairly rapid. Foredunes remain relatively stable over time, and because they are typically small, with limited sediment supply, little dune transgression results. Thus reflective beaches are characterized by a single foredune, or a few relict foredunes.
THE ROLE OF SEDIMENT SUPPLY
Sediment supply is clearly a critical factor in all this. If there is no sediment supply, or very little, a dissipative surfzone-beach system will operate to use all the sediment available to build the surfzone and beach and there may be no dune at all. At the other extreme, a high to very high sediment supply on a low energy reflective beach will result in the development of a wide foredune plain. Several examples may be found on the Western Australian coast, for instance.
Psuty [1988, 2004] has produced several versions of a beachdune model which uses sediment supply alone as the single factor driving changes or spatio-temporal evolutionary sequences to foredunes (and sometimes other dune types). In these models high sediment supply from the beach and a negative dune budget results in the development of low foredunes or "beach ridges" (as indicated by Psuty [1988] ), but this only applies strictly to foredunes, not any other dune types or systems. In addition, as Davidson-Arnott [2010] notes "in nature it is difficult to conceive of a situation with a large positive littoral sediment budget and negative dune budget so the curve on the right side of the diagram should more realistically flatten off around the neutral line" (p.263). Additionally, the creation of the curve is these models is unexplained, blowouts and parabolic dunes are only formed in negative beach budget situations (not true for many parabolic dune and transgressive dunefield systems), and the lower range of "present day dune development" compared to the "maximum"(?) development scenario (see Psuty [1988] , figure 3 ) remains unexplained.
OTHER FACTORS
There is no doubt that sediment supply, wind energy, sea level state (transgressive, stable, regressive), return interval and magnitude of extreme storm events, and Pleistocene inheritance factors will all, at times, and in some places, be a controlling variable in beach-dune interactions. If sediment supply is limited, sea level is rising, and coastal erosion is the general rule, the models reviewed above may not work in part or perhaps at all.
FUTURE STUDIES
In order to move forward with the development of a more robust, higher predictability model (or models) we need to (at least):
(i) skill and field test present models and develop new models of surfzone and beach sediment transport; (ii) conduct more combined wind flow and sand transport experiments across beaches of the modal types (dissipative through to reflective); (iii) conduct computer model experiments of flow over different beach types; (iv) obtain more data on surfzone-beach states, wave driven sediment transport over long time intervals for different surfzone-beach types, and compile data on their attendant dune systems in order to further test linkages between surfzone-beach and dune interactions; (v) extend the models to meso-, macro-tidal and ultradissipative beach types; (vi) develop a universal classification and definitions of low, medium and high sediment supply; (vii) find coastal sites where it is possible to test (hopefully) one of the major factors driving coastal evolution at a time (e.g. marine and aeolian sediment supply, wave energy, wind energy, etc). This list is not exhaustive.
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